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Description 

This  invention  relates  to  high  frequency  elec- 
trical  networks  having  frequency  dependent  cou- 
pling  properties  so  that  signals  at  one  frequency 
can  be  combined  with,  or  separated  from,  signals 
at  another  frequency  whilst  maintaining  electrical 
isolation  between  respective  signal  sources  or 
loads  as  the  case  may  be.  One  requirement  of  this 
kind  arises  in  the  combination  of  broadcast  signals 
having  different  carrier  frequencies  generated  by 
different  transmitters  so  that  they  can  be  radiated 
at  a  common  antenna,  but  without  the  output  of 
one  transmitter  coupling  into  or  adversely  affecting 
another  transmitter. 

A  band  pass  filter  has  been  proposed  in  US  3 
562  677  in  which  a  plurality  of  resonators  are 
mounted  on  opposing  walls  of  the  resonators,  be- 
ing  provided  for  electrical  access  to  the  filter.  How- 
ever,  such  a  device  acts  purely  as  a  filter  and 
cannot  be  used  as  a  network  arrangement  as  dis- 
cussed  here. 

According  to  this  invention  a  high  frequency 
network  includes  a  transmission  line  device  in  the 
form  of  a  closed  cavity  having  two  opposite  con- 
ductive  end  plates  and  a  connecting  side  wall 
structure;  four  quarter  wave  resonators  mounted 
within  the  cavity  and  being  disposed  symmetrically 
about  an  axis  passing  through  both  end  plates,  one 
pair  of  mutually  opposite  resonators  being  mounted 
on  one  end  plate,  and  the  other  pair  being  mounted 
on  the  other  end  plate,  and  two  coupling  means  are 
associated  with  the  side  wall  structure  so  that  each 
couples  equally  with  the  two  closest  resonators, 
each  coupling  means  comprising  a  coupling  loop. 

Preferably  each  resonator  is  in  the  form  of  a 
hollow  tube  which  is  closed  at  the  end  which  is 
mounted  on  the  end  plate,  and  is  open  at  its  other 
end  which  is  spaced  apart  from  the  opposite  end 
plate. 

Preferably  again  the  open  end  of  each  tubular 
resonator  is  capacitively  coupled  to  its  said  op- 
posite  end  plate  by  conductive  means  which  pro- 
ject  into  the  interior  of  the  open  end. 

The  network  is  very  compact  and  simple  to 
construct  as  compared  with  previously  known  net- 
works  using  discrete  cavities  linked  by  external 
hybrid  circuits  and  transmission  lines.  It  can  be 
implemented  very  satisfactorily  for  frequencies  of 
the  order  of  100  MHz  and  for  frequencies  of  this 
order  it  occupies  significantly  less  space  than  the 
network  disclosed  in  our  previous  patent  GB-A- 
1390809. 

The  invention  is  further  described  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings  in  which: 

Figures  1  and  2  show  plan  and  elevation  views 
respectively  of  a  high  frequency  network  in  ac- 

cordance  with  the  invention;  and 
Figures  3  and  4  show  plan  and  elevation  views 
respectively  of  a  modified  form. 

Referring  to  Figures  1  and  2,  a  hollow  rectan- 
5  gular  box-shaped  cavity  1  contains  four  elongate 

hollow  identical  tubular  resonators  3,  4,  5  and  6 
disposed  symmetrically  about  an  axis  7,  which  is 
located  centrally  within  the  cavity  1.  In  conse- 
quence  of  the  symmetrical  disposition,  the  centre- 

io  lines  of  the  four  resonators  3,  4,  5  and  6  lie  at  the 
corners  of  a  square  8.  Resonators  4  and  6  are  of 
circular  section  and  are  mounted  on  the  underside 
of  the  upper  end  plate  9,  whereas  the  remaining 
two  resonators  3  and  5  which  also  have  circular 

75  sections,  are  mounted  on  the  upper  surface  of  the 
opposite  end  plate  10.  The  way  in  which  the  reso- 
nators  are  mounted  on  the  end  plate  constitutes  a 
short-circuit  whereas  the  opposite  end  of  the  reso- 
nator  is  open  and  constitutes  an  electrical  open- 

20  circuit. 
Each  of  the  four  resonators  is  the  same  length 

and  possesses  identical  characteristics.  Its  length 
is  a  quarter  wavelength  of  a  selected  frequency 
taking  into  account  its  propagation  properties  within 

25  the  transmission  line  constituted  by  the  cavity  1, 
i.e.  its  wavelength  will  differ  from  the  free  space 
value.  The  open  ends  11,  12  of  the  cavities  are 
capacitively  coupled  to  the  respective  end  plates  9, 
10  by  means  of  conductive  studs  13,  14  which 

30  project  through  the  respective  end  plates  in  an 
adjustable  manner  so  that  the  depth  of  penetration 
into  the  open  end  of  a  resonator  can  be  adjusted. 

A  pair  of  transmission  line  coupling  loops  15, 
16  are  mounted  on  the  sidewall  structure  of  the 

35  cavity  1  which  connects  the  end  plates  9  and  10 
together.  Each  coupling  loop  is  mounted  exactly 
symmetrically  with  respect  to  the  two  resonators 
which  are  adjacent  to  it.  Thus  coupling  loop  15  is 
positioned  equidistant  from  the  axes  of  the  two 

40  resonators  3  and  6,  and  similarly  coupling  loop  16 
is  positioned  equidistant  from  the  axes  of  the  two 
resonators  4  and  5.  Although  in  this  particular  ex- 
ample  the  two  coupling  loops  15  and  16  are  moun- 
ted  on  opposite  walls  of  the  sidewall  structure  this 

45  is  not  necessarily  always  the  case,  and  coupling 
loop  16  could  be  mounted  on  the  wall  which  is 
adjacent  to  that  on  which  the  coupling  loop  15  is 
mounted.  Alternatively,  again,  the  coupling  loops 
15  and  16  could  be  mounted  on  the  same  sidewall, 

50  but  in  this  case  they  would  be  longitudinally  dis- 
placed  along  a  common  longitudinal  line  so  that, 
for  example,  both  couple  equally  into  resonators  3 
and  6.  The  coupling  loops  15  and  16  constitute 
identical  transmission  lines  and  each  has  a  char- 

55  acteristic  impedance  which  is  identical  to  the  char- 
acteristic  impedance  of  a  coaxial  line  17  connected 
to  each  end  of  the  loops. 
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The  operation  of  Figures  1  and  2  is  as  follows. 
The  device  can  be  regarded  as  a  four  port  network 
having  four  ports  20,  21,  22  and  23.  The  network 
resonates  at  a  frequency  determined  by  the  dimen- 
sions  of  the  resonators  3,  4,  5  and  6  and  the 
magnitude  of  the  capacitance  provided  by  the 
studs  13,  14.  It  is  not  primarily  dependent  on  the 
dimensions  of  the  cavity  which  are  sufficiently 
small  that  only  a  TEM  wave  can  be  supported,  and 
thus  the  cavity  does  not  behave  as  a  conventional 
waveguide  structure.  Instead,  the  operation  of  the 
resonators  is  analogous  to  a  transmission  line. 
When  a  frequency  is  applied  to  port  20,  which  is 
exactly  equal  to  the  resonant  frequency,  all  of  the 
energy  is  passed  through  the  network  and  emerges 
at  port  23  with  no  energy  emerging  from  ports  21 
or  22.  However,  when  a  signal  having  a  frequency 
which  is  spaced  apart  sufficiently  from  that  of  the 
resonant  frequency  is  applied  to  port  22,  all  of  the 
energy  emerges  at  port  23  and  no  energy  emerges 
at  ports  20  and  21,  i.e.  the  energy  does  not  couple 
into  the  cavity  1.  Thus,  in  a  typical  example,  port 
23  would  be  coupled  to  the  antenna  of  a  transmit- 
ting  arrangement  and  two  individual  transmitters 
would  be  coupled  to  input  ports  20  and  22  respec- 
tively  whilst  the  final  port  21  is  terminated  with  the 
characteristic  resistance  of  the  coaxial  lines  17.  In 
this  way  electrical  signals  having  mutually  different 
carrier  frequencies  can  be  combined  on  to  a  single 
output  port  23  for  transmission  to  a  radiating  an- 
tenna,  whilst  enabling  the  two  individual  transmit- 
ters  coupled  to  the  ports  20  and  22  to  remain 
completely  electrically  isolated. 

The  arrangement  is  particularly  suitable  for  use 
at  relatively  low  transmission  frequencies  in  the 
range  50  MHz  to  250  MHz,  as  at  these  frequencies 
conventional  filter  networks  are  of  extremely  large 
and  inconvenient  dimensions  and  complex  con- 
struction. 

The  frequency  separation  required  for  the  two 
signals  applied  to  ports  20  and  22  is  clearly  depen- 
dent  on  the  sharpness  of  the  resonance  character- 
istic  of  the  transmission  line  network.  The  sharp- 
ness  of  the  resonance  characteristic  can  be  in- 
creased  by  coupling  two  or  more  similar  transmis- 
sion  line  devices  in  cascade,  and  such  an  arrange- 
ment  is  illustrated  in  Figures  3  and  4.  Referring  to 
Figures  3  and  4,  similarly  reference  numerals  are 
used  to  indicate  the  four  ports  20  to  23.  It  will  be 
seen  that  the  device  consists  of  two  cavities  30  and 
31  both  of  which  are  essentially  similar  to  the 
cavity  1  of  Figures  1  and  2.  As  before,  each  cavity 
contains  four  resonators  32  which  are  spaced  sym- 
metrically  around  a  central  axis  33  or  34  as  the 
case  may  be.  Alternate  resonators  in  each  group  of 
four  are  connected  respectively  to  a  top  plate  35  or 
a  bottom  end  plate  36,  and  the  resonance  fre- 
quency  of  each  resonator  is  adjusted  by  the  lon- 

gitudinal  penetration  of  a  conductive  stud  37  into 
the  open  end  of  a  resonator  tube  as  previously. 
Coupling  between  the  two  cavities  30  and  31  is  not 
by  means  of  a  respective  transmission  line  cou- 

5  pling  loop,  but  simply  via  an  aperture  formed  in  a 
common  conductive  wall  38.  Depending  on  the 
transmission  characteristic  required,  the  wall  38 
may  not  be  present,  so  that  in  effect  the  coupling 
aperture  extends  over  the  full  extent  and  width  of 

io  the  structure. 
Operation  of  the  structure  shown  in  Figures  3 

and  4  is  exactly  analogous  to  that  shown  in  Figures 
1  and  2  except  that  the  sharpness  of  the  resonance 
characteristic  of  the  frequency  applied  to  port  20  is 

is  very  much  greater,  enabling  the  frequency  of  the 
signal  applied  to  port  20  to  be  much  closer  to  that 
of  the  signal  applied  to  port  22  without  signal 
interference  occurring  between  these  ports.  Addi- 
tional  cavities  can  be  added  as  necessary  if  an 

20  even  sharper  resonance  characteristic  is  required. 
Although  rectangular  cavities  are  illustrated  in 

the  drawings,  this  is  not  essential,  as  in  practice 
the  structure  shown  in  Figure  1  may  be  of  a 
cylindrical  shape,  and  that  in  Figure  2  may  be  of  a 

25  series  of  cylinders  linked  by  apertures  formed 
where  the  cylinders  abut. 

Claims 

30  1.  A  high  frequency  network  including  a  transmis- 
sion  line  device  in  the  form  of  a  closed  cavity 
(1)  having  two  opposite  conductive  end  plates 
(2,10)  and  a  connecting  side  wall  structure; 
characterised  in  that  four  quarter  wave  resona- 

35  tors  (3,4,5,6)  are  mounted  within  the  cavity  (1) 
and  are  disposed  symmetrically  about  an  axis 
(7)  passing  through  both  end  plates,  one  pair 
of  mutually  opposite  resonators  being  mounted 
on  one  end  plate,  and  the  other  pair  being 

40  mounted  on  the  other  end  plate;  and  two  cou- 
pling  means  are  associated  with  the  side  wall 
structure  so  that  each  couples  equally  with  the 
two  closest  resonators,  each  coupling  means 
comprising  a  coupling  loop  (15,  16). 

45 
2.  A  network  as  claimed  in  claim  1  and  wherein 

each  resonator  is  in  the  form  of  a  hollow  tube 
which  is  closed  at  the  end  which  is  mounted 
on  the  end  plate,  and  is  open  at  its  other  end 

50  which  is  spaced  apart  from  the  opposite  end 
plate. 

3.  A  network  as  claimed  in  claim  1  and  wherein 
the  tubes  are  of  circular  section,  and  are  par- 

55  allel  to  said  axis. 

4.  A  network  as  claimed  in  claim  2  or  3  and 
wherein  the  open  end  of  each  tubular  resona- 

3 
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tor  is  capacitively  coupled  to  its  opposite  end 
plate  by  conductive  means  which  project  into 
the  interior  of  the  open  end. 

5.  A  network  as  claimed  in  any  of  the  preceding 
claims  and  wherein  said  coupling  loop  is  in  the 
form  of  a  transmission  line  section,  both  ends 
of  which  are  terminated  by  its  characteristic 
impedance. 

6.  A  network  as  claimed  in  any  of  the  preceding 
claims  and  wherein  a  plurality  of  transmission 
line  devices  each  in  the  form  of  a  cavity  are 
provided,  the  devices  being  coupled  together 
via  a  common  sidewall  structure. 

7.  A  network  as  claimed  in  claim  6  and  wherein 
the  devices  are  coupled  together  by  means  of 
an  aperture  in  a  common  conductive  portion  of 
sidewall  structure. 

Patentanspruche 

1.  Hochfrequeznetz,  das  ein  Ubertragungslei- 
tungsgerat  enthalt  in  Form  eines  geschlosse- 
nen  Hohlraums  (1)  mit  zwei  einander  gegen- 
uberliegenden  leitfahigen  Endplatten  (2,  10) 
und  einer  verbindenden  Seitenwandstruktur; 
dadurch  gekennzeichnet,  dal3  vier 
Viertelwellen-Resonatoren  (3,4,5,  6)  innerhalb 
des  Hochlraums  (1)  angebracht  und  symme- 
trisch  urn  eine  durch  die  beiden  Endplatten 
hindurchtretende  Achse  (7)  angeordnet  sind, 
wobei  ein  Paar  einander  gegenuberliegende 
Resonatoren  an  einer  Endplatte  und  das  ande- 
re  Paar  an  der  anderen  Endplatte  angebracht 
ist;  und  dal3  zwei  Kopplungsmittel  mit  der  Sei- 
tenwand  der  Struktur  so  zugeordnet  sind,  dal3 
jedes  mit  den  zwei  nachstliegenden  Resonato- 
ren  gleich  koppelt,  wobei  jedes  Kopplungsmit- 
tel  eine  Kopplungsschleife  (15,  16)  umfaBt. 

2.  Netz  nach  Anspruch  1  und  bei  dem  jeder 
Resonator  die  Form  eines  Hohlrohrs  besitzt, 
das  an  dem  an  der  Endplatte  angebrachten 
Ende  geschlossen  und  an  seinem  anderen 
Ende,  das  von  der  gegenuberliegenden  End- 
platte  Abstand  aufweist,  offen  ist. 

3.  Netz  nach  Anspruch  1  und  bei  dem  die  Rohre 
kreisformigen  Querschnitt  besitzen  und  parallel 
zu  der  Achse  sind. 

4.  Netz  nach  Anspruch  2  oder  3  und  bei  dem  das 
offene  Ende  jedes  rohrformigen  Resonators 
kapazitiv  mit  der  anliegenden  Endplatte  durch 
leitfahige  Mittel  gekoppelt  ist,  die  in  das  Innere 
des  offenen  Endes  vorstehen. 

5.  Netz  nach  einem  der  vorangehenden  Anspru- 
che  und  bei  dem  die  Kopplungsschleife  die 
Form  eines  Ubertragungsleitungsabschnitts  be- 
sitzt,  dessen  beiden  Enden  durch  seine  cha- 

5  rakteristiche  Impedanz  abgeschlossen  sind. 

6.  Netz  nach  einem  der  vorangehenden  Anspru- 
che  und  bei  dem  eine  Vielzahl  von  Ubertra- 
gungsleitungsgeraten  jeweils  in  Form  eines 

io  Hohlraums  vorgeshen  sind.  und  die  Gerate 
uber  eine  gemeinsame  Seitenwandstruktur  mit- 
einander  gekoppelt  sind. 

7.  Netz  nach  Anspruch  6  und  bei  dem  die  Gerate 
is  mittels  eines  Durchbruchs  in  einem  gemeinsa- 

men  leitfahigen  Abschnitt  der  Seitenwandstruk- 
tur  gekoppelt  sind. 

Revendicatlons 
20 

1.  Reseau  haute  frequence  comportant  un  dispo- 
sitif  de  ligne  de  transmission  se  presentant 
sous  la  forme  d'une  cavite  fermee  (1)  qui  pos- 
sede  deux  plaques  terminales  conductrices  op- 

25  posees  (8,  10)  et  une  structure  de  paroi  latera- 
le  de  connexion  ;  caracterise  en  ce  que  quatre 
resonateurs  quart  d'onde  (3,  4,  5,  6)  sont  mon- 
tes  a  I'interieur  de  la  cavite  (1)  et  sont  dispo- 
ses  symetriquement  par  rapport  a  un  axe  (7) 

30  passant  par  les  deux  plaques  terminales,  une 
paire  de  resonateurs  mutuellement  opposes 
etant  montee  sur  une  plaque  terminale,  et  I'au- 
tre  paire  etant  montee  sur  I'autre  plaque  termi- 
nale  ;  et  deux  moyens  de  couplage  sont  asso- 

35  cies  a  la  paroi  laterale  de  la  structure  de 
maniere  que  chacun  se  couple  de  fagon  egale 
avec  les  deux  resonateurs  les  plus  proches, 
chaque  moyen  de  couplage  comprenant  une 
boucle  de  couplage  (15,  16). 

40 
2.  Reseau  selon  la  revendication  1,  ou  chaque 

resonateur  se  presente  sous  la  forme  d'un 
tube  creux  qui  est  ferme  au  niveau  de  I'extre- 
mite  qui  est  montee  sur  la  plaque  terminale  et 

45  est  ouvert  a  son  autre  extremite,  laquelle  est 
ecartee  de  la  plaque  terminale  opposee. 

3.  Reseau  selon  la  revendication  1,  ou  les  tubes 
ont  une  section  circulaire  et  sont  paralleles 

50  audit  axe. 

4.  Reseau  selon  la  revendication  2  ou  3,  ou  I'ex- 
tremite  ouverte  de  chaque  resonateur  tubulaire 
est  couplee  par  effet  capacitif  a  sa  plaque 

55  terminale  opposee  par  un  moyen  conducteur 
qui  fait  saillie  dans  I'interieur  de  I'extremite 
ouverte. 

4 
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5.  Reseau  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  ou  ladite  boucle  de  coupla- 
ge  se  presente  sous  la  forme  d'une  section 
d'une  ligne  de  transmission,  dont  les  deux 
extremites  sont  terminees  par  son  impedance  5 
caracteristique. 

6.  Reseau  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  ou  sont  prevus  plusieurs 
dispositifs  de  ligne  de  transmission  ayant  cha-  10 
cun  la  forme  d'une  cavite,  les  dispositifs  etant 
couples  ensemble  par  I'intermediaire  d'une 
structure  de  paroi  laterale  commune. 

7.  Reseau  selon  la  revendication  6,  ou  les  dispo-  is 
sitifs  sont  couples  ensemble  par  I'intermediaire 
d'une  ouverture  menagee  dans  une  partie 
conductrice  commune  de  la  structure  de  paroi 
laterale. 

20 

25 

30 

35 

40 

45 

50 

5 



EP  0  171  279  B1 



r  U  1/1  tIM  til 

A .  

*  ■ 



EP  0  171  279  B1 

8 


	bibliography
	description
	claims
	drawings

